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 ABSTRACT

A simplified jet-flow regulating gate was developed by the Bureau of
Reclamation for installation in small conduits of high head outlet. = -
works. The gate consists of an orifice to produce a contracting jet
that springs clear of the gate slots, a movable gate leaf, a hydraulic
‘c¥linder and pump for moving the gate leaf, and an aerated downstream
conduit. The regulating gate is simple to construct, cavitation—-free
at any gate opening, and the oil cylinder actuating mechanism is manu-
ally operated. One 10-in. (25.4-cm) regulating gate (1l0=-in. orifice),
- designed for 250 ft (76.2 m) of head, was laboratory tested prior to
‘being installed in a 12-in. (30.48-cm) bypass pipe in the outlet works
at East Canyon Dam, Utah. Details of walve construction, operation,
and coefficients of discharge and head lass are shoum ‘in the report.
The maximum 0il cylinder pressure required for gate movement is 185 psi
(13.0 kg/sq cm) for a 250-ft (76.2-m)} reservoir head. The discharge
coefficient for the fully opened gate is 0.793, based on the area of
- the orifice and the total head in the pipeline (1.7 orifice diameters
upstream from the orifice). The gate is excellent for control and dis- -
charge determination. o o '

DESCRIPTORS~-/ gates/ *high pressure gates/ slide gates/ jets/ hydraulic
structures/ outlet works/ *small structures/ control structures/ *manual
control/ *discharge coefficients/ *flow control/ laboratory tests/ Utah/
‘hydraulic equipment/ calibrations/ gate position indicators/ head loss

IDENTIFIERS-~-/ East Canyon.Dam, Utah/ Weber Basin Projeet, Utah/ jet- ¢

flow gatgs“
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" CALIBRATION OF ‘A 10-INCH JET-FLOW GATE

PURPOSE .

The ‘purpose of this laboratory study was to'determine the operational
V_characteristics of, and to calibrate, a standardized 10-inch jet-
-flow.gate to be. installed at East Canyon Dam, Utah.

CONCLUSIONS

- L.  The gate operates smooth y in.all pate leat positions‘and
- under all combinations of head and discharge available in the
-1aboratorv. S . .

2} ‘The coefficient of discharge of the fully opened gate 1s'0.793
“based on the area of the orifice and the total head 1.7 orifice
'diameters upstream from the orifice (Figure 12).

RECUHMENDATIONS
1. Install a hook or spring clamp to ‘hold : the hand—pump operating
~handle ‘in the full forward stroke position vhen the pump "is-not in
use - (Figure 9A).
I'i. ‘Refine the point of the pointer and- extend 1t over “the indicator ‘
.name plate ‘to enable the Cperator to make precise gate position read-ﬂ :

INTRODUCTION

. The jetwflow gate, developed by the Bureau of Reclamation, ‘is’ a _
f-relatively inexpensive regulating device for high head outlet, works.
" The:gate. consists of a movable gate leaf: -within a body having an’
f:;orifice at the- upstream side of -the :slot, . and any desired shape of: - a0
. conduit downstream which will provide ‘adequate’ aeration for the jet. oo
" The upstream face ‘of ‘the gate 'leaf ‘is smooth and. remains in contact i
v withia seal contained in :the orifice. side of :the gate: body. \Sealingf-;;
”'”}”f”irat the: upstream face eliminates the hydraulic downpull inherent in S
e .\\high head gates with downstream seals : . S
*ﬁ.\\ : -
; The contraction of the jet caused by the orifice prevents the jet
from entering:the _gate slot, thereby eliminating the danger of -
cavitation downstream from the slots. . R

ﬂ:i?Footnotes refer to references on page 8.,:;'-*f""




The - gate- is‘simply constructed, is capable of trouble-free operation: .
. at any gate opening, and the fully opened ‘gate ‘has a discharge coeffi-
. ‘clent of about .79 based on the total head in the approach conduit
.and the area of the orifice. '

- “Three configurations of the upstream gate body are shown 1in. Fiaure 1.
" .One configuration, as at Shasta Dam ‘for example,l/ includes an -
expanding section formed by a. simple curved surface that is. tangent

to the upstream conduit wall and intersects the 45° orifice Tl
_-cone as ghown in Figure lA. This shape is relatively expensive
‘because of the difficult fabrication of the curved expanding section.. ’

- Another configuration, as at Trinity Dam2/, includes a conical
expanding section.as shown in Figure ‘1B. This shape is Tess expensive, -
. than the shape used at Shasta Dam and possesses almost identical -
]flow characteristics and discharge coefficients._’ P

" A'new design for small jet-flow gates3/ consisting of an orifice
installed in a conduit without an expanding upstream section, is
shown in Figure 1C. Such a design includes wany of the beneficial
. flow characteristics of the above gates having more sophisticated .
"‘entrance shapes, and is relatively 1nexpensive to construct., '

3-.0ne of. the new standardized jet-flaw gates with a 10 inch- diameter
.orifice was. fabricated for use in a 12- inch bypass conduit at East
?Canyon Dam, Utah. - There was sufficient . time between fabrication of
the. regulating ‘gate and required delivery at the jobsite to. permit
‘a’ laboratory calibration and an: ‘operational evaluation:of the- gate. BT
iThe results of the laboratory study appear An: this report. ‘ :

.f@fiThe equivalent metric units for the British units used in- this:
::aereport are - tabulated in Chart I :

CONSTRUCTION DETAILS

The lO-inch jet—flow gate was designed for use in lz—inch—diameter

‘3conduits with' heads  up-.to . 250 feet. The nominal size' of the ‘gate -
“1sithe.orifice diameter, . The basic.design has: also:been used for .
flarger jet—flow gates._ T LT L
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~* Gate Bodies -
\Corrosion-resisting materials are used on 2ll parts of the gate in
contact with water to avoid corrosion and .to minimize maintenance.
d . The upstream gate body includes a standard 125-pound, 1Z-inch pipe
' flange and a short 12-inch-diameter’ entrance section (Figures 4

and 8A). The downstream end of -the upstream body is recessed and
drilled to receive the orifice -and . seal ring.

The downstream body includes the gate slots, a short 14- nch—diameter o=
section immediately downstream from the gate 1eaf and a flange,’ for
this: specific installation, to accommodate a 16-inch—diameter dowm-
stream adapter tube (Figures 4 and. SB)

b _ . Gate Leaf and Seal Ring

The gate leaf is solid, 13—7/8 inches wide, 11—1/2 inches high,
1~9/32 inches thick, finishes on all surfaces and shaped on the
bottom to allow the {et to spring free from the leading edge of ™
the leaf during discharges at partial gate openings (Figure 5,
Detail A, and Figure 8, A and B). The seal ring is so. designed -that
the . upstream face of the gate leaf is continually in contact with
. _ it, forming an upstream seal. The upstream face.-of the seal ‘ring
SR ‘is ‘chamfered 45° and extends inward from'the 12-inch-diameter
: ‘entrance ‘of -the upstream gate body to form the 10-inch-diameter .
orifice "as ‘shown in.Detail E, Figure 5. . This orifice. produces the
‘ |‘jet" from whiLh the jet—flow gate derives its. name..‘”, _
.- I3 - \\ - /ﬁ'/ -,_::,
' Derails of the hydraulic actuating cylinder anthhe'gate leaf position
indicator are shown in Figure 5. _ T ;7¢w T . ‘ : \ﬁ\'

o . .o h

Gate Assembly and Servicing ST

The ‘gate assembly, including the actuating cylinder and gate leaf
position indicator, tolerances, clearances, overall dimensions, and
position. limits of. moving parts is shown “in ‘Figure 6. ‘Operating and
“servicing instructions, ‘together with a schematic diagram of the
hydraulic actuating mechanism, .are shown 1n Figure 7.

§>

'f LABORATORY INSTALLATION

Gate Mounting

vk

The 10 inch jet—flow gate was - mounted in the laboratory at.. the end
-‘ -6fa; 43—foot length of straight ‘horizontal 12-inch standard- pipe
‘-(Figure 94).. ~The, 16—inch-diameter outlet adapter: mounted on the -~
downstream body flange passed through the .wall of a" plywood splash X
box from which the water: returned to’ the laboratory reservoir. B

2]




" Plezometers

‘Four 1/8-inch-diameter plezometer taps were -located in the approach
pipe on the quarter points 12 inches upstream from the upstream
valve body flange, (17 inches from the orifice) and were manifolded
into a single lead (Figures 94 and B). The condult pressures were
measured on a singleuleg water-filled manometer for heads up to
‘12 feet, and with mercury for heads greater than 12 feet. 4&n
Zadditional plezometer was located in the top of the 16-inch down-
‘stream ‘adapter 1-inch downstream from the flange. Pressures from
‘this tap were measured on a water-filled "U" tube (Figure 9RB).

"Laboratory Supply

 Water for the valve wag pumped from the laboratory reservolr through
‘any one of four calibrated;venturi meters. The maximum laboratory
© discharge was 13.6 cfs and” the maximum ghut off head was 152. ‘feet. -
. Discharges could be accurately measured between 0.40 and 13 60 cfs.

'fLeaf Position Indicator and' Pointer'

e :
"The indicator (Figure 5) when mounted ‘at the highest possible posi-
tion on the vertical adjusting- .slots, ‘was too low to reach the
‘lowest ‘possible mounting position of ‘the pointer. ‘Our laboratory
" shops extendei the slotted:holes for vertical adjustment, and the
:indicator/was’properly installed so the indicated: reading ‘corre-
- sponded /exactly withkthe gate leaf position. In this location,
however, .the: indicator was not rigid, and care was: exercised during
»testing to prevent At trom being pushed out of position (Figure 9D).
- The pointer vas So “shibrt ‘and blunt that precise: gate leaf position- -
" readings:were difficult: to make. . A-small white cardboard straightedge

. was held ‘against the indicator face to act as a. pointer extension-

 to- assure that accurate ‘gate leaf -poeitions were ‘set and maintained
_V(Figure 10A) . A.longer, less.blunt pointer -should be . furnished to
... enable’the operator at the 1nstallation site to make accurate gate
“.:leaf position readings. - 5

TVOil Pressure Indicator

'For o1l - pressure ‘measurements-. in the actuating system, a 100—psi
”QBourdon-type dial gage was- installed in Tee 24-A by removing

- “Plug '30A (Figure 2). The centerline of - the horizontally mounted

o gage was . 3—3/& inches ab0ve the closing pressure inlet pipe (Figure

”yflﬂB)

b3
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The oil tank was filled prior to being shipped to the laboratory,
and oil was not added here.  _However, filling or draining the pump

‘system as outlined in Figure 7, should be quite simple since all

necessary plugs, vents, and valves are readily accessible (Figure

39D)

'LABORATORY TESTS

Manual Operating,System

The hand-pump operating handle and the selector valve lever were
advantageously placed and readily accessible (Figures 8C and 9D).
The gate leaf moved .easily in either direction with light strokes
of the operating handle for all situations tested,’ including the
full shut-off head of the laboratory pumps on the pate leaf. The
gate ‘leaf remained in any preset position when ‘the selector valve
1ever was placed midway between ' 'open” and "close" (Neutral) even
though the operating handle was repeatedly stroked and the discharge
through the jet-flow gate was reduced from maximum to' zero flow and
returned ‘to maximum. -With the selector valve lever at the:neutral
ition, the pump 0perating handle was pushed to the upward position
nearest the oil reservoir as shown in Figure 9A. Within about 1
minute the handle dropped by 1ts own weight to the extended posi-

' tlon shown in Figure 9C. This is undesirable and it is suggested

r

that a simple friction catch or manual hook be added to hold the "%,
lever in the: upward nositlon when it 45 not 'in use.

Hydraulic Cylinder Oil Pressure

‘041 pressure in the hyaraulie cylinder above the- piston was monitored .
for. gate leaf movement from fully opened to fully closed with maximum .
head ‘and discharge of the laboratory pumps on the system, The maxi-
Tum oll pressure occurred during the gate leaf travel from ''zero” to
"closed" (1/2-inch overtravel). Measurements were recorded for.the

‘pressure in"the cylinder while the:gate leaf was moved in.this crit-
ical région with various water pressures in the approach” conduit.
.The . test was limited by the 100--psi capacity of the pressure ‘gage.
A ‘test .xun. consisted of setting a.head in the approach conduit with
‘the gate" leaf at "zero,' " moving the leaf in the ¢losed direction by .

- pushing -the operating:handle forward one full stroke in 1 second,

‘and reading the gage pressure during the gate leaf movement. Results'-'

-of -the study are shown in Figure 10C. Extrapolation.of ‘the data

" (Figure 10C) shows ‘that .the oil pressure -in the hydraulic cylinder

-will be about 134 psi with the East Canyon design head‘of 175 feet
and about 185 psi with the maxlmum head of 250 feet.




Indicator and Pointer

Great care was exercised’iin propnrly positioning the indicator and
pointer so that the bottom of the: pgate leaf was exactly tangent
with the 2owest point of the orifice when the pointer was at "O"
on the indicator. At this setting some water will flow past the
chanfer on the upstream face of 'the gate ‘leaf (Figure 5, Detail A).
“The indicator measured e?actly 10 inches between 0" and *10," and
the orifice measured exactly 10 inches in diameter; therefore, the
indicatcr p.resented an z2ccurate reading of the gate leaf position.

;Operation and Calibration

Discharge calibration measurements were made for gate openings from

5 percent (1/2-inch open) to 100 percent -(10 inches open), in incre-

. ments of .5 percent. A check run at full open (1/2-inch overtravel)
‘disclosed that the hydraulic conditions did not.change as the gate
leaf moved open beyond 100 percent. - Tests were made for discharges - -
"and heads up to the maximum operating limits of the laboratory -pumps

. (i.e., head = 152 feet, O = 13.6 cfs) and down to 0.40 cfs, the
~minimum discharge which could be reliably measured in the laboratorv
4~ inch venturi meter.

=1

" The gate was watertight at Openings from 1!4- to 1/2-inch overtravel
"in the closed direction. At very small openings the jet issuing
from the.gate was deflected dovnward and. impinged on the 1l6-inch-

. .diameter -adapter, causing some splash and spray. However, aside :
from the. drumming noise of ‘the ‘jet -on the light: metal, the operation-
was. not objectionable. The jet was smooth at all ‘gate openings |

i-above 2 or 3 percent. The maximum subatmospheric pressure measured
on the ‘top- of ‘the 16-inch adapter 1 inch downstream from the flange L

was 0.02" feet of water. ' :

"'?‘The head-discharge relationships for each gate opening, when plotted :

on-a logmlog chart, produced a straight line for all discharges and
" heads tested The consistency of the data indicated that extrapola-

“tion .or interpolation of ‘the data would be permissibtle to determine _'J,
... .the relationships existing at discharges, ‘heads, and gate- openings
- -pther than those tested. Figure 11 shows the discharge head relation-a'

" ships for the East Canyon Dam’ 10 inch jet—flow oate as installed in
" the- laboratory. _ .

“?\. L
w

1“~Coefficients of discharge and head loss determinations for et~ flow ‘
- ' gates geometrically_similar_to the one: tested and with atmosphericJ

:S“
f}’;
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"pressure in the duwnstream canduit are shown in Figure 12, For

";installations with. long downstream conduits, the head measured

. immediately downstream from the gate must be subtracted from the
- “value -of - "h" in Figure 12 ‘In all cases, ‘the downstream ccnduit'
-must be.fully aerated & oo R L -

P

";'Commeuts ‘fd" r=; Qe- T ';.‘t; - ..; _.l.:_fl T

The mechanical operatinn of the simplified jet-flow gate is excellent.
The directionel selector ‘valve: lever and hand—pump ‘handle are easy to:
~reach and uperate. All, plugs, vents, and valves on the oll reservoir
" are readfly accessible. Flow from the jet-flow gate 1s smooth, ‘and
‘the ‘discharge .for a fixed gate leaf position and upstream head: is
constant -and predictable.- The simplified jet-flow gate is excellent
- for the intended use as a flow .controller im small conduits and should -
' provide lcng, troublewfree service. ; E

APPLIGATION

The snall jet—flow gate described herein is a cavitation-free _
: control~gate which may be used-as an- accure:e metering device:
The ‘discharge coefficient curve, Figure 12, msy be used for )

“zf%_sny geometrically similar jet—flow gate.
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Equlvalent Hetric Units for British Units used in this Report

Item'

‘Orifice
.- :Conduit

- Exit ‘hood

‘Gate .Leaf:

“Width

"Height
. Thicknees
--Leaf overtravel
. Piezometer ‘taps -
:Piezometer ‘location:.

7’;>Haximum design
- Head
R Oil preseure
. ‘Maxtmum'lab head .
;Haximum lab Q ; o
~u:East Canyon 1ocation""'

Maximum head
‘Maximum Q.
‘Hax oil pressure

'713-7/8 inches
11-1/2 inches

. 1=9/32 inches

- 1/2 1inch

" 1/8=inch diameter

. b inches US B

Chart I

British Units

‘lﬂ-ineh diameter

12-inch. diameter

16—inch diameter

R

: [ﬂKZSO feet,
. '54.85 cfs
7185 psi -
w152 eet

13, 6 cfs

175 feet -
- 45.89 cfs
134 psi *

.v./

=

Hetric Units Eﬁ'-

23 4 cm s
. 30. 48 cm .
-40. 66 cm-

352 4 mm
292,11 mm .
32,5 mm-

. 12.70 mn

3“175'mm,'

'.-43 13 cm

.76 21 o |

1.55cu-m/sec
“13.0 kglcm '

46.33m

0. 385 cn mlsec._rf

' '53 3% m

1,30 cu m/sec

‘t”_ 9”42 kg/c:m2
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FIGURE 7"
REPORT HYD-S69:

. GENERAL INFORMATION
C.DESIGN.
"1 The jet-flow gm‘e is designed for 107

seawcmc INSTRUCTIONS
E. FILLING YSTEM WITH OIL - . : :
. Generof; ‘Bbout 2 gallons of oil are requrred

+~~ ¥ent plug
‘B

»

‘Hoist -
cylinder s
T

f-vent
‘plug - |

Shut-off - -
vaive., !
| 3

F{ Reliet vaive se"r' o

ot IOOO psl—

Dram pluq———-———"

" “>-Urgin plug

Seiecfor vaive

SGHEMATIC H‘I’DF!AULIC DIAGRAM

OPERATING IN_S‘T‘RUBTI'O'N_S
A, TO OPEN . :
"I.°Open shut- aff valve..
2..5et selector valve' c|T 0PEN
3. Operute hand. pumps - .. |
DAL Wlfh go're 01 new. opemng.close shu'r—aff
: vulve {

psi -water. pressure.
2 The jet-flow gote is designed to regquTe

the discharge ‘of water from the bypass. )

Cpipe.” .

3 The .ail hydroulic sysfem is desngned for
amaximum operating.pressure of 1000
psi and for o normal aperahng pressure
of 650 psi.® :

‘D. OPERATING INFORMATION

I. The jet-flow gate is mounted on the -
-discharge -end-of the byposs pipe.:A 12"
gofe voive.is .instolled in the byposs pipe
~ Just upstream from the jet-fiow ga’re

2. The jet-flow goté.is for: -

Regulation of discharge from The
ouﬂeT WOrks. ;‘ .

-.3.'Thexote valve is fo=" '
a. Emerqency closure if the jet=Flow::
: gate.is inoperoble,
“byShuf-off when the jet- flmv guTe is
--u'notrnuse :
4. Thesjet-flow:gate sholl normully be:
"~ .closed-when, openlng ar. clossng 'rhe
gate volve. - . . :
5. Whenthe bypass is out of service ond :
the gote valve is closed; the jet-flow:

“-gate. shauld be opened 'ro uIIow +he p:pe

To clram..

U pnthie ga’re house: ﬁall !
R Sechon B= B-‘Druwmg ;

. Use alight, cledn, hydraulic pil, rust gnd

- Oxidgtion -inhibited, and having a stardard
Sayboit Universal ¥iscosity of 150 seconds. at .

- 100° F. Keepthe oil. obsalutely clean and
avoid: getting foreign motter inta the system.
Filtér the oil'thru o 100 mesh screen.

2. Fill Gil tank. (As sys‘rem s fnlled ‘pour. muke up
-oitzsinto tank).

. 3 Fill ‘hois?. c,lander und lines:

“e. Remove both vent plugs, open shut- off
" -valve, and set selector valve gt OPEN.

b'.‘ Operate hand pump-until air is vented from :

vent plug A. Reploce vent’ plug
c. Opengate. )
. ‘Set-sefector valve. -at-: CLOSE ond operoTe
* hond pump until oir is venTed from vent
Flug B. Repioce vent plug,. @ s
. Close gate. Reémove vent plug A - .
-ond .set selector valve 01 OPEN. Operafe :
. _hond pomp until air-is vented Replace. plug.
. Open gate: Remove vent plug B.ond. set

selector-valve ot CLOSE. Operate hand 'pump

until air is-vented. Replace. plug.

g RepenT steps eond vty all- mr is ven'red

F LUBRICATING GATE LEAF " T
i With' gote leaf closéd, remove pipe plugs on side

of vaive body. Apply grease thru grease fittings.

-until ;grease shows ot pipe plug opemngs )
“‘Replace pipe plugs. Repeof ‘procedure every
/°|x (6] monfhs Use o gréase equul to- Texoco
# Bl Tamp”or ony-grease that: conrorms wrrh

Speuflcuhon MlL G I0924B




FIGURE 8
Report Hyd-569

A. llpstream hody and upstream face . Downstream hody and dewnstream

20 3663 : A to
af. DPhoto P526-D-63663 face of gate leaf. Pho
o7 e Beld ' ' P526-1-63604

E28T CANYON DAM
OUTLET WORKS
10- INCH JET-FLOW GATE

Flow Passapc lletnils
and Actuator Operation

C. Overall view showing operation
of hvdraulic pump. Photo
P526-1-63665




FIGURE 8
Report |liyd-569

8. Piezometer installa-
ticen and "U)" tuhe. Photo
PS26-N-63667

A. Lahoratory installation -
operating handle in upward
position. I'hoto P526-13-53666

AN

). General view of actuating oil nininp,
cylinder, and leaf position indicator,
Photo DPX-N-6366Y

EAST CANYON DAM
OUTLET WORKS
.. Operating handle in 10-INCII JET-FLOW GATE
extended nosition. Photo
P526-11-£3665
Pinine and Laboratory Installation




FIGURE 10
Report Hyd-569

Cardhoard strip used as B, {1l pressure gage
a pointer extension, Photo mounted for lahoratory
PS %-E)—ﬁSﬁ?ﬂ study. Photo

‘ pP526-D-63671

a
o

/
/

EAST CANYON DAM
OUTLET WORKS
10-INCIL JET-FLOW GATE

o
o

HEAD - FT. OF WATER

@
o

0 to /2 inch overtravel,
closing direction only Indicator, Details, I'ressure
o) Gage, and Actuating Oil Pres-
sure Chart

40 60 a0 100 120 140
P51 — GAGE
C. Approach conduit head versus actuating

oil pressure, leaf travel from closed to
1/2-inch overtravel.




FIGURE |

1
569

PRESSURE HEAD - FEET OF WATER (12' U.S, FROM GATE BCDY)

- -12.08" 1D

"REPORT "HYD-—

t A7 :ﬁ’

77F 77T

j.'lf +4

et SER

: Gate epining -inches--+

1113
4

i

_//
Iji

i
F

i
/
777

17

£
[/
/
/

Nate: Solid, lines are
the limits of

r ;
, L lobaratory tests
/e e

7
Wi

(Std. pipe}

) 3 4 5 6 T 89IQ 20 30 40 50 60
DISCHARGE - CFS :

DISGHARGE CHART

Flow

~512.00" 10—

~L10.00" [D->
{Qriticel

hY
v .-See Detail A
lr'k‘ _.

1<

¢

e
—

1
be--Gate—~>!
INSTALLATION

EAST CANYON DAM
'OUTLET WORKS =~ -

L 10" JET - FLOW GATE #
" DISCHARGE VvS PRESSURE HEAD.

et




o N |- TR e
EFURT HYD=569 LT e

.

Orifice
dioma_‘lar-_

6.‘,-% 2 1
- ch“fZg (h.f_____E) .

:GATE"OPENING — Lo (“-*-') Con o
PEF\.‘GENT FO DU M
: : RN Ao- |o Orlflce ares (o 5454 sq m
: X . Ag'= 'Open .orea under fiie ‘gate - .
‘ #.Pressure -headin 12" std.’
.pipe 17" upstreem- from
-gate-leaf — referenced to.
‘the pipe- cemer hns._'
Velnmfy in. |z plpe
,Head rou L

A ET —FLDW GATE
DiSGHARGE AND HEAD iLOSS5 ;6




CONVERSION FACI‘ORS-—m TO METRIC U'NI'I‘S OF L[EASUREIEHT

- Tha foll rsiontactorsadopted themreauoi‘ﬁaclamaﬂona.rethose lished by thaAmarlmnEucietyIur
Testing and rials (ASTM Metric Practice Guide, Jamary 1984} excapt that unaltm:tnrs (") commenly used In
_:the Bureau have been added. . Fu.rtherd.tscussimo!de.ﬂmtions quanﬂ.ﬂ.esanﬂtmitsisg‘lmmmesm—llofue
ASTM Metric Practice Guide.

The m.etrlc unusa.ndcamrerslmfa.ctnrs a.doptedbytheASI‘Marebased on the “IntarnaﬂmalSystemm'UniLs" desig'm.ted_'_
: 8] for Systeme International d'Un.‘.Ms}, fixed by the International Commities for Welghts end Measures; this
also krown a5 the Glorgl or MESA (meter-kil (mass)-second-ampere} system. This system has been adcpted hy the.

In!eme.ﬂmal Organiza.ﬁon ior Standardizaﬂon 1 ISO Recommendation R-31.

~The matrie technleal untt of force 15 I.he K1 -force; this'is the force whish, when agi\lled to s body having a e
mass of 1 ky, gives It an acceleration of 9. gsmmfsec/sec, the standard ncceleration frea fall toward the earth's
" center for gea level at 45 deg Iatitude, The metric unit of force In SI units 1s the newton (N), which is deflned &s™ -
" that force which, when appued to 8 hody having a mass of 1 kg, gives it an acceleration of 1 m/sec/sec, These umnits
must ba sﬂng'u.ishedﬁ'o the {incenstant) local welght of a hody having a mass of 1 kq; that is, the we! of 8 '
' body is that foree with which a body Is attracted to the earth and 1s equal to.the mass’ 4 a body sl by the -
acceleration due to vity, 'However, because it 1s general practice to use "pound™ [ sther than the technically
" correctterm ™ ~force,™ the term "kil " {or derlved mass unit) has been used‘mthisg‘uidelnsteadoi“ﬂloq‘ra.m
;!orcem elipsx'reus:im I.he comerslon factors for forces. The newton unit of foree will 8nd increasing use, and is
ess o : . .

: Tahle I )
Q,UAHTITIES AND UNIT3 OF SBACE
.:Mnlunlv. . __By -

NN _LENGTH

' 25.4(exacﬂy). e els .'. .
4 {exactly)

‘1, 809 4 (amcﬂyy"‘
- 1,609344 {exactly) . . . . . Kﬂo:uetars

_AREA

' ' Bquare- meters. X
‘Square kilometers: .
Sauare kllometers

| Cmm::cmuﬁeters
: ce e @ w3 el Cuble meters
‘0. 764556 . . . L Cuble meters -

3 CAPACITY .
-;'::muiummcesm.s D28, 5;7"27... v elsa. s Cuble centimeters

. aw e e o NEMters |
*_L.lqu.'[dpints fU-S) e e S e e . .,Eiublcdecimeters' ‘
: Ce dhe ters
:Quartsl‘U.S) e e e B.868% . . . ... .o ...v. Cuble centimeters
R . 1 e w ; .o Liters " .
i ‘Gallons (U.S.). e e v CAF L Lo L. .. Cublc centimeters - -
: et S 3.78843. . et e Quble declmeters.
Liters ©~ . .
. Cuble meters - *-
- Cuble; declmet.ers :
~:Liters:
CIdters -
o Liters L -
-« Cublc meters
-Liters -




e:?rms per squu-a cenu.metar .
Q08 DEr BQUAre centimatsr

e TAINE DAr SqUAre meter
: "ﬁa[ﬂg per gquare meter

.+ Grams per cuble centimster

per cuble ‘meter . -

'} Grama per cuble centimeter

-y Grams bic centimeter- i

. Gumaper Uter.
« - @rams par lter-
Grama par litar -

1 12886 D
<0, 188256, -,

: 1, 36864 x 10 'n‘
5. 4431,

‘i Orama E:mer . S . a

- Metar-lograms

Contimatar-dynas
Mater-kll e

8 :
oqmms per cen'u.znalnr

"_Eﬁfm'lmﬂ_ :

'fsom u...‘..“.3"
fo,sm{é“t'”’ -

. Ganll.matarn par secmd
ond -

Mnters per sec :
Cantimetara por second -
Kllometers per huu.r

. -Melegm:second L

a '"'“'M&Bﬁéi secga o :

-Cuhsr.-mtper'mmm. AN 9
. Sallony (U,8,} per mimute -, g,

e (.‘uble meters par second
:_Eters par seemd .

FORGEE -

"b453592*;.'.

- 4.44820
44482 % 10'5*

K B In./hrnz degr ﬂ:.
- 7, thermal condue

- Gruns/hr 22 (watar vapor -

. Perm-ln:hag [gg;@ )

.Cubic'(rs'éi peé’amra fool per .

Ia uhgin'

_ SN WORK AND BNERaY
Britiah thermal wnits (Btu)., " ; e

e ?ﬂoqrm enlorlea
. Itulas per wnm

Erpcund...r.... ‘..

1. foules

.En‘.rsepbwofr [P

U Watis
o« Watts -
i i Watts

A TR - IR
Buparhouwr v . 04 ., . . '
mg.;g!.,_d_ ppafgecond , ;g . ., 133682 )

» HPAT TRANGFER

wity) e 1442 ,
- 0,1240

miﬂ “"ﬂ E " dormai’

AT, . 0,584
P 4,882
Deg?hrn"’ 3R, lharmal )
raaislanc .
Blnﬂ.bd.eq!‘(c, hea.tr.-apulty! P

Rﬂm (therm.l aittisivtty 1, 107
R 8900 L -

%muntta/cng deq
cal/hr m de
. Kg cnl m/hr mgdeq "I

;. Milliwatesze 2a [
. ch%rm

. D}gC emz/mmlwntt

*E—fcgésm

WA'I‘ER VADPCR TR.AN§ m;

I.rmsaonl...-...' N ]
Pams(parmeancel. e .. ?ggﬂ .

. Grams/24 hr m?
o Motrie perms

ble T

i : - : Mﬂrl: mrm-cenﬂma;s:a e

Mubgly g

an

80484 ., .

“tulacanlly) . o, i e 4.BEZ4%,
Bquars faet par pecond (m::oa!ty). .

F:lhf.enhslt egreas (changa)r, .

D.ur-eu ra'quara' a fook { ﬂ’ool-

candly

Ae e

Ohm-cireular mits r!uot'

: Mmlcurles per cub

peraqnu.ra!oot. .
Gmoupersquarsym -

Litera par aquu-e meter per day

Ki.'loqram sscond per Bquara meter
Cilatun ar Kotvie dogoame hango)®

alsiua or Kelvin B {c
Kilewolin per mluin:gfar

Lumena per squu-e mater
Ohm-aquare milllmaters per mster
curies per cuble meter
aqunre mnter
Liters par squm
P cantlma

GPO 833.18¢




s sinpliiied jet—flow ragulatlng gate was developed by the Bureau of
'Reelamation for, ins:allation in small econduits of high head outlet
works. : The ‘gate. consists of an orifice to produce & contracting jet
that Bprings clear. of.the gate slots, a moveble gate leaf, a hydraulie
" eylindar. and pump for moving the gate leaf, and an aerated downstresm
conduit. The regulating gate is simple to conatruct, cavitation-free
- at any gace opening, and the oil cylinder actuating mechanism is manu-
: ally operated. One 10-in. (25.4-cm) regulating gate (10-in. orifice),
“'degigned: for.: 250 fr (76.2 m) of head, was lahoratory tested prior to
" being ingtalled in a 12~in. (30.48-cm) bypass pipe in the outlet works
" st Eant; Cenyen Dnm. Utah. Detalls of valve comstruction, operation,
_and coefficients of discharge and head loss are shown:in the report.
The maximum oll cylinder pressure required for gate movement ig 185 pei
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